Abstract: This work assesses for the first time the offshore wind energy resource in Asturias, a region in the North of Spain. Numerical model and observational databases are used to characterize the gross wind energy resource at different points throughout the area of study. The production of several wind turbines is then forecasted on the basis of each technology power curve and the wind speed distributions. The results are mapped for a better interpretation and discussion.
Introduction
In order to preserve our planet, switching to renewable sources of energy is a global objective. Among the different renewable energies, wind energy has been the renewable power most used up to now, mainly by means of onshore installations [1] . Nonetheless, to satisfy current electricity consumption at a global scale with onshore wind turbines requires covering a 2% of the countries surface [2] . In this context, offshore wind farms present two main advantages in comparison with onshore ones [3] :
 the better quality of the resource (the wind speed is higher and more uniform in the sea); and  the larger suitable free areas where offshore wind farms can be installed, which leads to larger installations and reduced environmental impacts in terms of noise emission and visual impact.
Fixed offshore wind farms have been operating in Europe since the nineties. In 2012 the average water depth of wind turbines was 22 m, while the average distance to shore was of 29 km [4] . However, given that shallow waters are required to develop fixed offshore wind farms, the places are limited. For this reason, most future offshore wind farms will move into deeper water [5] .
Asturias is a region on the northern coast of Spain that faces the Cantabrian Sea. The offshore of Asturias presents very deep waters close to the coast that make impossible the development of fixed wind turbines. Nonetheless, it is expected the deployment (in a near future) of floating wind energy farms in Asturias thanks to the ongoing research and development of enabling technologies such as WindFloat [6] .
This work presents and discusses the offshore wind energy resource in Asturias. The gross wind energy resource was obtained at different heights on the basis of wind time series. Then, the power production of a selection of offshore wind technologies was estimated. Finally, several parameters such as the capacity factor and the variability index were obtained and compared with those available in the literature for other regions worldwide.
Material and Methods

Wind Datasets
To assess the offshore wind energy resource in Asturias, both observational and numerical modelling data were used. The former corresponds to the data obtained by an offshore buoy to the west of Cape Peñas and by two onshore meteorological stations at the Port of Avilés and the Port of Gijón, covering different time periods each one. The numerical data corresponds to SIMAR, an hourly dataset that covers the period from 1958 to the present by concatenating two subsets: SIMAR-44 and WANA. The SIMAR-44 subset covers the period 1958-1999 and is based on the re-analysis of meteorological observations produced by the European Centre for Medium-Range Weather Forecasts (ECMWF) in collaboration with many institutions [7] . The WANA subset covers the period from 2000 to the present and corresponds to the wind fields of the High Resolution Limited Area Model (HIRLAM, [8] ). The 64 SIMAR data points shown in Figure 1 were considered in this work. To estimate the wind energy resource at each point, the hourly time series of the mean wind speed and the mean wind direction at a reference level of 10 m above the sea level (U10 and ϴ, respectively) were used. 
Wind Profile
The wind speed varies along the atmospheric boundary layer following a profile that is mainly determined by the surface roughness characteristics, the heat transfer and the evaporation process. Although more complex wind profile expressions have been proposed, wind industry commonly uses the potential wind profile:
where: U is the mean wind speed at height z above the sea surface; Uref is the mean wind speed at the reference height zref; and α is an empirical coefficient that accounts for the site-and time-specific atmospheric conditions. Bearing in mind the values for α obtained in previous work for a nearby coastal region within the Cantabrian Sea, a value of α = 0.049 was considered in this work (see ref. [9] for more details).
The Weibull Distributtion
The time series of mean wind speed were fitted to a Weibull distribution before estimating the power output of the wind turbines. The Weibull distribution is a two-parameter distribution commonly applied in the field that presents the following probability density function:
where U is the wind speed; and a and b are the shape and scale parameters, respectively. Accordingly, the cumulative density function of Weibull distribution is given by
Quantification of the Offshore Wind Resource
Once known the Weibull distribution at a specific location and height above the sea level, the average gross wind power can be obtained as
where ρ is the air density. To estimate the power and energy output of a specific wind turbine, the power curve of the turbine (Figure 2 ) is combined with the wind speed distribution. The average power output is given by
where PT(UT) is the power curve defined as a density function of the wind speed at the rotor height and f(UT) is the Weibull probability density function of the wind speed at the rotor height. The total output energy for a given period of time, Eout, can be simply obtained by multiplying Pout by the corresponding time duration. 
Results
An example of the maps obtained in this work is presented in Figure 3 , where the average gross wind power density is shown. The resource at 10 m above the sea surface reaches values of the power density over 300 kW/m 2 in areas to the North of the study and with water depths above 100 m. As expected, higher values of the gross power density are obtained when higher heights above the sea surface are considered; however, the same pattern holds for all cases: the resource increases with westing and northing. On the other hand, the maximum energy output corresponds to the XSenvion Repower 6.2M152 offshore wind turbine, with more than 15 GWh per year. 
